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HEP provides enabling technology
 for frontier research - excellent synergy.

TECHNOLOGY

HEP Science

PLATFORM

• Superconducting 
Transition-Edge Sensor 
(TES) Detectors

• Argonne TES 
Development Project

• Seeded by LDRD (ANL)

• South Pole Telescope. 
Cutting edge instrument & 
strong collaboration

• PI: John Carlstrom
SPTpol



Probing the Cosmic 
Frontier

from NASA/WMAP Team

We now have a model that describes 
the evolution of our Universe from 
a hot and dense state.

 The model has some unusual 
features - new physics -
Dark Matter, Dark Energy, and 
starts with a period of Inflation.

Most of the model has been learned 
from measurements of the cosmic 
microwave background (CMB).



Cosmic 
Microwave 
Background

Era of 
Inflation

Modified from NASA/WMAP Science Team [http://
map.gsfc.nasa.gov/m_ig/060915/CMB_Timeline75.jpg] 
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“smoking gun” 
evidence for the 

Hot Big Bang

Penzias & Wilson 1965

Received 1978 Nobel Prize 

Enormous 
impact 

on Cosmology 

Discovery of the Cosmic Microwave Background



Structure in background discovered in 1992

COBE Satellite

Smooth to a part in 105

the smoothness problem -
led to Inflation theory
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Structure in background discovered in 1992

COBE Satellite

Smooth to a part in 105

the smoothness problem -
led to Inflation theory

COBE team leaders 
John Mather & George Smoot 

received 2006 Nobel Prize

Superhorizon features
Quantum fuzz inflated to the 

largest structures in the universe
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Line is fit to a flat ΛCDM 
cosmology model
with just six parameters: 
Ωbh2, Ωmh2, As, τ, ns, ΩΛ 

Komatsu et al., arXiv:1001:4538; Larson et al., arXiv:1001.4635

Incredible progress

What’s next?   “B-mode” CMB polarization to probe Inflation.
  
The data from SPTpol will constrain the masses of the 
neutrinos and set (or limit) the energy scale of Inflation.



CMB angular power spectra

Spectra generated with WMAP7 parameters using CAMB, Lewis and Challinor
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density oscillations



density oscillations

Inflationary Gravitational wave oscillations

CMB angular power spectra
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EE

BBIGW
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BBlensing

lensing of EE to BB

r = 0.01, 0.6×1016GeV

BBIGW

CMB angular power spectra
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∑mν = 0

∑mν = 1.5 eV

BBlensing
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∑mν = 0

∑mν = 1.5 eV

CMB measurements should be able to achieve σ(∑mν) = 0.05eV, 
comparable to Δm measured by neutrino oscillations.

BBlensing
BBIGW

CMB angular power spectra

TT

EE



∑mν = 0

∑mν = 1.5 eV

BBlensing
BBIGW

CMB angular power spectra

TT

Expected polarized foregrounds 
over best 75% of sky at 90 GHz
Dunkley et al.,  arXiv:0811.3915



∑mν = 0

∑mν = 1.5 eV

BBlensing
BBIGW

CMB angular power spectra

TT

Expected polarized foregrounds 
over best 3% of southern sky. 
SPTpol to survey 24/7/52

10−4 10−2 100 102 104
0

0.2

0.4

0.6

0.8

1

No
ise

 F
lo

or

l(l+1)Cl / 2π (uK2)

Fr
ac

tio
n 

of
 fi

el
ds

 le
ss

 th
an

150GHz

 

 

FDS Dust T x 0.05 (l=95)
WMAP K Sync Pol (l=36)

Figure 5: Left: A prediction of the level of polarized foreground emission over the full sky at 150 GHz obtained by

combining the WMAP3 K-band polarization maps (extrapolated using an index of −3) and the FDS model 8 (Finkbeiner
et al., 1999) dust map with an assumed polarization fraction of 5%. The outlined region is the selected 600 deg2 field. Right:

Cumulative distributions of power spectra of 600 deg2 regions sampled over the the full sky from the synchrotron and dust

maps mentioned above, with dots marking the location in this distribution of the outlined region at left. Since the power

spectra are found to be rather flat the exact � at which one evaluates this distribution is unimportant. However, parts of the
sky are below the WMAP noise floor artificially compressing the bottom end of the synchrotron distribution.

is a distinct advantage of SPT’s small beamsize, relative to other ongoing CMB polarization efforts. The

beam dipole requirement, for example, requires that differenced detectors be co-located to within about 2��.
This will easily be verified given the high precision of the relative pointing reconstruction of those detectors,

which will be much better than the SPT’s absolute pointing accuracy of 1.5�� rms.
The high angular resolution of SPT-POL will also give excellent characterization of the B-mode lensing

signal. In addition to its intrinsic scientific interest, this measurement will allow the lensing to be “cleaned”

from the gravitational-wave B-mode signal which is important at the r = 0.01 level.
Pointing errors confuse B-modes with the much larger E-modes (E → B leakage). To safely disregard

possible contamination of the B-mode signal at its lowest detectable limit, the pointing error must be less

than the larger of 10−2 of the Gaussian beamwidth, or 1.5�� absolute (Hu et al., 2003). As mentioned above,
SPT’s 1.5�� rms pointing accuracy meets this specification.
4.3.2 Half-wave Plate Polarization Modulation In SPT-POL, the Q and U Stokes parameters are

measured by simultaneously differencing the signals from two bolometers that are sensitive to orthogonal

polarizations in each pixel. This technique gives strong common mode rejection of focal plane temperature

variations, and excellent rejection of the (almost completely unpolarized) atmospheric emission. Pair dif-

ferencing has been proven by the BOOMERANG experiment and more recently with the QUAD and BICEP

experiments.

SPT-POL will add another layer of polarization modulation with a cold stepped half-wave plate located

close to the focal plane. The half-wave plate will be stepped by 22.5 deg after every raster map, so that

four steps give a complete rotation of polarization. The half-wave plate periodically trades the role of the

two bolometers which averages down spurious signals generated by gain or bandpass mismatch between the

two bolometers (including variations on time scales longer than the step time), and the effect of any beam

pattern differences between the two orthogonal antennas in a pixel.

4.3.3 Simple, Well-shielded Optical Design The SPT telescope is a very simple design consisting

of just two mirrors and one low-power lens. This simple design minimizes spurious polarization generation

and distortion. The design obeys the Dragone condition giving zero polarization rotation (crosspol) at the

center of the field. The two mirrors and lens give 0.03% T → P leakage, which can be accounted for with

proper calibration (Sec. 4.5), and optics thermal stability (Sec. 4.3.4).

The SPT-POL telescope is designed to give high rejection of any emission outside the main beam. This
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Discovery of Polarization of the 
Cosmic Background in 2002



Closing in on inflation

see Brown et al., arXiv:0906.1003 & Chiang et al., arXiv:0906.1181 



ElectroThermal 
Feedback

R

T

Thermometer: Voltage biased 
transition edge sensor (TES). 
Measure incident power (pW) by 
change in bias current using 
SQUIDS.
Apparent simplicity is deceptive!

Absorber

250 mK bath

Radiation

Weak thermal link

Need more sensitivity! Need scalable, background limited, 
detectors. 

Bolometry:  A Broadly Applicable, Ultra-Sensitive Thermal Detection



Demonstrated Competencies Required for Success

Advanced Microfabrication

Materials Science

Low-Noise Superconducting 
Electronics

World-class 
Science

Center for Nanoscale Materials

Cosmic Frontier of DOE/HEP: 
 - Test inflation, probe physics 
at the GUT scale.
 - Determine masses of the 
neutrinos.

 The South Pole Telescope



LDRD developed Argonne SPTpol TES Detector

E/M simulation Mo/Au proximity effect 
500mK TC bilayer TES

Detector in 2.5 
mm waveguide 
mount



Focal  Plane Array Layout

“Miniature” 7-Module design (smaller individual arrays) 

588 150 GHz pixels  

(2 LC boards/hex) 

188 90 GHz pixels  

(4 LC boards) 

474 150 GHz 

pixels inside 140 

mm 
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Argonne participation in South Pole Telescope 
science (SPT-SZ,  DES+SPT,  SPTpol).

Argonne TES polarization sensitive detector 
unique and critical contribution to SPTpol
(LDRD funded development).

First SPTpol focal plane deployment Nov 2011.

Continued improvements through 2015.

Path for detectors for next generation CMB 
polarization projects and other applications.


